Abstract Two non-polar fractions viz. hexane (Hex-LI) and chloroform fraction (CHCl 3 -LI) of Lawsonia inermis were studied for their antiproliferative potential in various cancer cell lines viz. HeLa, MCF-7, A549 and C6 glioma cells. Both the fractions showed more than 60 % of growth inhibition in all the tested cell lines at highest tested concentration. In clonogenic assay, different concentrations of Hex-LI and CHCl 3 -LI decreased the number and size of colonies as compared to control in HeLa cells. The apoptotic effects as nuclear condensation, fragmentation were visualized with Hoechst-33342 staining of HeLa cells using confocal microscope. Both fractions induced apoptotic cell death in human cervical carcinoma (HeLa) cells as evident from flow cytometric analysis carried out using Annexin V-FITC and propidium iodide dyes. CHCl 3 -LI treated cells significantly induced apoptosis (25.43 %) in comparison to control. Results from Neutral Comet assay demonstrated that both fractions induced double stranded breaks (DSB's) in HeLa cells. Our data indicated that Hex-LI and CHCl 3 -LI treated cells showed significant increase of 32.2 and 18.56 % reactive oxygen species (ROS) levels in DCFH-DA assay respectively. Further, experimental studies to decipher exact pathway via which these fractions induce cell death are in progress.
Introduction
Cancer is characterized by several features such as uncontrolled cell division and growth, cell invasion and finally leading to metastasis. Cancer is major cause of mortality among human population globally after cardiovascular diseases (Kutluk and Kars 1998) . Apoptosis is a kind of cell death characterized by various morphological alterations such as chromatin condensation, nuclear fragmentation, formation of apoptotic bodies etc. (Kerr et al. 1972) . During apoptosis, caspases get activated and induce several molecular cascades which results in cell death (Allen et al. 1997; Hu and Kavanagh 2003; Wang et al. 2005; Elmore 2007; Millan and Huerta 2009) . Apoptosis is the main mechanism which maintains tissue homeostasis. Alterations in the regulation of apoptosis may result in many pathological conditions and/or diseases such as cancer, autoimmune disorders, neurodegenerative diseases etc. (Kroemer and Reed 2000; Wang et al. 2012 Wang et al. , 2013 Ramasamy et al. 2013) . Once the cell looses control over apoptotic mechanism, cell evades death and divides continuously leading to neoplastic transformation (Igney and Krammer 2002; Hu and Kavanagh 2003; Reed 2003; Qi et al. 2010) . Since ages, natural products are utilized in the traditional health care medicinal practices from centuries (Akerele 1988; Gurib-Fakim 2006) . Plants are only sources which account for providing medicine or medicinal formulations for treating 80 % world population (Owoabi et al. 2007 ). Plants are considered as safe, better substitutes for various synthetic drugs and pose no side effects (Dai and Mumper 2010; Vasanthi et al. 2014) . In last few years, studies on medicinal plants have shown that crude extracts as well as pure phytochemicals possess potential to induce apoptosis (Rao et al. 2009; Wu et al. 2009; Lee et al. 2009; Xu et al. 2009 ). Targeting cancer cells via inducing apoptosis is one of the strategies for the development of anticancer drugs (Kroemer et al. 1995; Wyllie et al. 1980; Kerr et al. 1972; Kelloff et al. 2000) .
Lawsonia is a monotypic genus represented by only one species Lawsonia inermis Linn (Lythraceae). This plant is a native of North Africa and South-West Asia. Lawsonia inermis Linn. is a traditional medicinal and multipurpose plant commonly known as Henna in India and commonly used for dyeing of hands and hairs. Leaves of the plant are used in traditional medicine system as expectorant, anti-inflammatory, liver tonic, haematinic, styptic, febrifuge, diuretic etc. (Reddy 1988; Ahmed et al. 2000; Bich et al. 2004; Warrier 2004; Jiny Varghese et al. 2010; Dhiman et al. 2012) . Leaves of the plant were reported as modulators of antioxidant and xenobiotic metabolizing enzymes viz. phase I and II enzymes (Dasgupta et al. 2003) . Extracts as well as various pure constituents from this plant have been reported with antioxidant (Hsouna et al. 2011; Guha et al. 2011; Kumar et al. 2014) , antimutagenic, antigenotoxic, anticlastogenic (Raja et al. 2008; Basirian et al. 2013; Kumar et al. 2014 ) and anitumor activity (Dasgupta et al. 2003; Priya et al. 2011) . From the last 25 years, our laboratory have been studying medicinal plants for their bioactive potential. In the present investigation, two fractions from L. inermis were studied for anti-proliferative and apoptosis inducing activities in cervical carcinoma HeLa cells.
Materials and methods

Chemicals
Annexin V-FITC apoptosis detection kit, 2′ , 7′-dichlorofluorescin diacetate and Hoechst-33342 were purchased from Sigma Chemical Co. (St Louis, MO, USA). 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) and trypan blue dye were purchased from HiMedia, Mumbai, India. All other chemicals used in the present studies were of AR grade.
Collection of plant material
The leaves of the Lawsonia inermis L. were obtained from local market (Majeeth Mandi) at Amritsar, Punjab, India and plant has been identified with voucher specimen (No. 6773) and has been kept in the Herbarium of the Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar, Punjab.
Preparation of extracts
Leaves were crushed to fine powder and dipped into 80 % methanol for 2 days at room temperature with constant shaking so that phytoconstituents get dissolved into solvent. The miscella (solvent containing phytoconstituents) so obtained was concentrated using rotary vacuum evaporator and finally lyophilized. The mother extract (MeOH-LI) i.e., 120 g was dissolved in doubled distilled water and fractionated with hexane and chloroform in series. The respective fractions so obtained were named as Hex-LI and CHCl 3 -LI fractions.
Antiproliferative studies
Procurement and mantainence of cancer cell lines HeLa (Human cervical cancer), MCF-7 (human breast adenocarcinoma), A549 (Human alveolar adenocarcinoma) and C6 glioma (Rat glioblastoma) cell lines were purchased from the National Centre for Cell Science (NCCS, Pune, India). Different cell lines were cultured in DMEM medium containing 10 % FBS and antibiotic-antimycotic solution. Cells were grown at 37°C and 5 % CO 2 using CO 2 incubator.
Measurement of cell viability
Before carrying out all the experiments, cell viability was checked using method of Militao et al. (2006) with slight modifications. Cells were washed with PBS (pH 7.4), trypsinised and then finally centrifuge at 2000 rpm. Cell pellet was suspended in media and stained with trypan blue dye (0.4 % in PBS) to determine number of viable cells (not stained). After determining viability, cells were used to carry out different experiments.
Cytotoxicity
MTT assay was carried out to assess cytotoxic potential of both the fractions using method of Mickisch et al. (1990) with slight modifications. HeLa cells were seeded at density of 8000 cells per well of the 96 well plate. After time period of 24 h, cells were treated with extract concentrations for next 24 h. On the completion of treatment time, MTT was added and incubated for 2 h. Finally media was removed from the wells and DMSO (100 μl) was added per well to dissolve the purple coloured formazan crystals (MTT metabolic product) and finally reading was taken at 570 nm.
Colonogenic assay
Colonogenic potential of both the fractions was assessed using protocol of Gundala et al. (2013) with slight modifications.
The HeLa cells at a density of 4000 cells/well were seeded into 6 well plates containing 3 ml complete growth medium. Cells were treated with different concentrations of test samples for 24 h and incubated in CO 2 incubator for 8 days. Finally, the media was removed and colonies were stained with crystal violet stain. The numbers of colonies were counted for control as well as for each concentration.
Nuclear morphology assessment using confocal microscopy The morphology of nucleus was examined using Hoechst 33342 dye. Nuclear condensation, fragmentation etc. are the distinct attributes of apoptosis (Lizard et al. 1995; Zhang and Xu 2002) . HeLa cells at a density of 2×10 5 cells/well were cultured into 6-well plates. After the treatment of different extract/fractions to HeLa cells (24 h), cells were observed under inverted microscope. Finally stained with Hoechst 33342 for 10 min at 37°C and scanned under a Nikon A1R Laser Scanning Confocal Microscope system (Nikon Corporation, Japan) using NIS Elements AR analysis software version 4.11.00 for observing nuclear morphology.
Determination of apoptosis using flow cytometry
Apoptosis inducing potential of Hex-LI and CHCl 3 -LI fractions was evaluated by using Annexin V-FITC Apoptosis Detection Kit (Sigma) as described in Haneef et al. (2012) . About 1 × 10 6 HeLa cells were seeded and allowed to attach for 24 h. After 24 h, cells were treated with Hex-LI (250 μg/ml) and CHCl 3 -LI (450 μg/ml). After treating the cells for 24 h, all adhering as well as floating cells were collected in tubes and centrifuged to obtain cell pellet. Cell were washed twice with PBS and centrifuged again to obtain cell pellet. After that cell pellet was suspended in binding buffer followed by addition of 5 μl of Annexin V-FITC conjugate and 10 μl of Propidium iodide to 500 μl of cell suspension. After incubation of 10 min, cells were analyzed by flow cytometry (BD Accuri C6 Flow Cytometer, BD Biosciences) using BD Accuri software.
[Viable cells (annexin V and PI negative), early apoptotic cells (annexin V positive and PI negative), necrotic cells (annexin V negative, PI-positive) and late apoptotic cells (annexin V positive and PI positive)].
Single cell gel electrophoresis assay (neutral comet assay) Neutral comet assay was carried out to determine double strand breaks in DNA using the method of Wojewodzka et al. (2002) and Matkar et al. (2006) with slight modifications. HeLa cells were seeded at the density of 4×10 5 cells in 6 well plates. After the complete adherence of cells, cells were treated with Hex-LI (250 μg/ml) and CHCl 3 -LI (450 μg/ml) for 24 h. After the treatment, cells were washed with PBS, trypsinised, centrifuged to get pellet and finally suspended in 500 μl of PBS. Frosted slides were coated with normal melting point agarose (NMPA). After solidification of agarose, next layer of low melting point agarose (LMPA) containing treated and untreated HeLa cells was laid and allowed for solidifying followed by the third layer of LMPA and covered with coverslip. After agarose layering, coverslip was removed and slides were lowered down in lysing jars containing lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris-HCl, pH 8.3, 10 % DMSO, 1 % Triton X-100) for 45 min. After that slides were removed from lysing jar and placed in electrophoretic buffer (300 mM sodium acetate, 100 mM Tris-HCl, pH 8.3) followed by electrophoresis for 45 min (20 V). The slides were stained with 20 μg/ml ethidium bromide and placed in moist chamber before scoring. To measure the DNA damage induced in HeLa cells on treatment with fractions, 50 comets from each slide were examined under an Epifluorescent Nikon microscope. Analysis of results was done with the visual scoring method; a total of 50 comets per slide were categorized into one to five categories according to level of DNA damage in the comets. Each comet was given grade between 0 (undamaged) and 4 (completely damaged) (Collins et al. 1997 ).
Reactive oxygen species measurement ROS measurement was carried out by method of Deeb et al. (2010) with slight modifications. HeLa cells were seeded in 6-well plates and allowed to adhere completely. The cells were treated with test fractions Hex-LI (250 μg/ml) and CHCl 3 -LI (450 μg/ml) for 24 h. At the end of treatment period, cells were incubated in 2′, 7′-dichlorofluorescin diacetate (DCFH-DA) dye for 30 min at 37°C. Cells were then washed twice with PBS and finally analyzed by BD Accuri C6 Flow Cytometer (BD Biosciences) (ExCitation 488 nm; Emission 530 nm) for 2,7-dichlorofluorescein (DCF) positive cells.
Statistical analysis
The results were expressed as the average and standard error. GI 50 values were calculated using regression equation. The data were also analyzed for statistical significance using Student's t test and analysis of variance (One-way ANOVA) and the difference among means was compared by high-range statistical domain (HSD) using Tukey's test. The significance of results was checked at *p≤0.05.
Results
Measurement of cell viability
The cells showing viability above 90-95 % were used to carry out experiments. Viable cells are colourless while dead cells are stained blue in color after treatment with trypan blue dye.
Cytotoxicity among different cancer cell lines
The antiproliferative effect of both fractions viz. Hex-LI and CHCl 3 -LI was studied against Hela, MCF-7, A549 and C6 glioma cell lines. The antiproliferative potency of fractions was seen in dose dependent manner (Figs. 1, 2, 3 and 4) . Hex-LI showed GI 50 (concentration at which 50 % inhibition of growth has been observed) of 382. 44, 186.47, 378.73, 204 .27 μg/ml in HeLa, MCF-7, A549, C6 cancer cell lines respectively whereas CHCL 3 -LI showed GI 50 of 741.44, 524.46, 469.80 and 387.14 μg/ml in HeLa, MCF-7, A549, C6 cancer cell lines rerspectively.
Colonogenic assay
Colonogenic assay is an in vitro experiment used to check ability of cell to grow indefinitely and form colony. Such type of cell is known as colonogenic as it retains the capacity of proliferation after treatment with chemotherapeutic agents (Munshi et al. 2005; Franken et al. 2006 ). In the colony formation assay, both the fractions viz. Hex-LI and CHCl 3 -LI effectively inhibited the growth of colonies in dose dependent manner. It was observed that there was complete inhibition of colony formation at highest concentration of 400 μg/ml. Along with decrease in the number of colonies, it was also observed that there was decrease in the size of colonies as compared to size of control colonies (Figs. 5 and 6 ). Both fractions were taken forward to study apoptotic cell death in HeLa cells.
Nuclear morphology assessment using confocal microscopy Hoechst 33342 is a DNA specific fluorescent dye which enters easily into the cell and intercalates in A-T regions of DNA. After treatment of 24 h, HeLa cells were observed for morphology changes under inverted microscope (Figs. 7 and 8). For nuclear morphological assessment, cells were washed with PBS followed by fixation with paraformaldehyde. After fixation, cells were stained with Hoechst 33342 dye to observe nuclear morphological alterations such as DNA condensation, fragmentation etc. It was observed that on treatment with Hex-LI and CHCl 3 -LI, nuclei showed condensation, fragmentation (Figs. 9 and 10). However, the control cells showed prominent nucleus without any type of condensation and fragmentation.
Determination of apoptosis using flow cytometry
To evaluate, whether the fractions induce cell death through apoptotic or necrotic mode, flow cytometric analysis was carried out by using Annexin V-FITC and PI dye. During apoptosis, there is translocation of phosphatidylserine to outer surface of plasma membrane. Annexin V is Ca 2+− dependent (Fig. 12) . Positive control i.e., camptothecin showed more DNA damage (153.3) as compared to both fractions.
Reactive oxygen species measurement 2′, 7′-dichlorofluorescin diacetate (DCFH-DA), was used to measure ROS in treated cells. DCFH-DA, a non polar compound when it enters into the cells, it gets cleaved by cellular estrases into DCFH. Later on DCFH get oxidized by hydrogen peroxide/low molecular weight peroxides into 2,7-dichlorofluorescein (DCF) (highly fluorescent) which is analyzed by flow cytometry. Both the fraction viz. Hex-LI and CHCl 3 -LI significantly induced generation of reactive oxygen species. It has been observed that ROS levels were found to be 32.2 % as compared to its control (10.4 %) in Hex-LI and 18.56 % as compared to its control (11.03 %) in CHCl 3 -LI treated cells (Fig. 13) .
Discussion
Apoptosis is a well regulated process, characterized by cell shrinkage, chromatin condensation, fragmentation, formation of apoptotic bodies. It plays a vital role in cellular homeostasis by controlling cell proliferation (Millan and Huerta 2009; Ramasamy et al. 2013) . Numerous plants and their constituents are known to possess apoptosis inducing potential (Hsieh et al. 2006; Hsu et al. 2011; Kim et al. 2008) . Any compound could possibly be developed into an anti-cancer drug, if it shows less inhibitory effects on normal cells than the cancer cells (Taraphdar et al. 2001) . In recent years, it has been seen that scientific community is more engaged in isolating and screening natural molecules for drug discovery (Moure et al. 2001; Krishnaiah et al. 2011) . Apoptosis can be exploited as an important target to develop anticancer drugs (Hu and Kavanagh 2003; Camero 2002) . In the present work, we studied the growth inhibitory and apoptosis inducing effects of popular medicinal plant L. inermis on cancer cell lines viz. HeLa, MCF-7, A549 and C6. We found that two fractions viz. Hex-LI, CHCL 3 -LI were found to exhibit considerable dose dependent growth inhibitory activity i.e., more than 60 % in all the tested cell lines (Figs. 1-4) . Antiproliferative activity of the extract depends upon the extraction procedure and the choice of solvent used for extraction (Chirinos et al. 2007; Lafka et al. 2007 Lafka et al. , 2013 . Sadeghi-aliabadi et al. (2008) reported that chloroform extract of Convolvulus arvensis is quite effective in inducing anticancer effects in HeLa cells. Machana et al. (2012) reported that combination of hexane and water fraction of Polyalthia evecta showed high anticancer activity in HepG2 cells. Pacifico et al. (2013) reported CHCl 3 extract from Laurus nobilis leaves induced strong antiproliferative activity in nervous system cell lines. Kim et al. (2012) studied hexane extract of garlic cloves and reported that the extract has the ability to induce apoptosis in Hep3B cells. Colonogenic assay was used to check the potential of cell to divide and form colony after the removal of test compound (Karna et al. 2011) . Our results depicted that both the fractions inhibited the colony formation potential of cervical carcinoma cells (Figs. 5 and 6 ). According to Drees et al. (1997) test sample was regarded as effective if it decreased the colony formation potential to ≤30 % in comparison to control. Our data showed that both the fractions completely inhibited colony formation potential of HeLa cells as compare to control indicating high effectivity of test fractions. Pratumvinit et al. (2009) investigated Ficus hispida L.extract for colony formation inhibition in T47D breast cancer cell line and found that extract treatment showed reduction in number of colonies. Leaves of Moringa oleifera significantly inhibited colonogenecity in A549 cells in dose dependent manner (Jung 2014) . Plant extracts are centre of attraction for the search of anticancer agents because of minimal side effects and their potential to inhibit growth and proliferation of cancerous cells (Rao et al. 2009 ). Herbs or combinations of extracts of these herbs can act synergistically resulting in increased effectivity and can also have potential to reduce toxic effects. (Vickers 2002; Li et al. 2000) . In the present study, after evaluating cytotoxicity, Hex-LI and CHCl 3 -LI were analyzed for cell morphological changes, nuclear changes, DNA fragmentation and formation of apoptotic bodies which are the characteristic features of apoptosis. It was observed that treated cells showed morphological alterations such as cell shrinkage, rounding off along with decline in cell number (Figs. 7 and 8) . Further, to observe nuclear changes, cells were stained with Hoechst 33342 dye and observed under confocal microscope (Figs. 9 and 10). With increase in the concentration of both the extracts, nuclei of the cells showed shrinkage, condensation, nuclear fragmentation and formation of apoptotic bodies. Further, flow cytometric studies confirmed that both fractions induced apoptosis in HeLa cells. Hex-LI induced 15.1 % and 25.43 % of apoptosis in HeLa cells (Fig. 11) . Earlier we reported that both the fractions were rich in polyphenolic constituents. HPLC revealed that Hex-LI contains ellagic acid in good proportion while CHCl 3 -LI contains ellagic acid along with kaempferol in high amounts (Kumar et al. 2014) . Apoptosis inducing effects of these fractions might be a contribution of these phytochemicals as these have been reported as potential anticancer agents in many studies. Edderkaoui et al. (2008) reported that ellagic acid induced apoptosis in pancreatic cancer cell by suppressing NF-kappa B activity. Han et al. (2006) showed that ellagic acid induced apoptosis in human osteogenic sarcoma (HOS) through modulating expression of caspase 3 and bax proteins. Kaempferol stimulated apoptosis in human osteosarcoma U-2 OS cells (Huang et al. 2010) . Detailed study revealed the involvement mitochondrial dependent and endoplasmic reticulum stress signaling pathway in kaempferol induced apoptosis. In an another study, kaempferol induced apoptosis in human bladder cancer cells by upregulating tumor suppressor PTEN i.e., Phosphatase and tensin homolog deleted on chromosome 10 and downregulating Akt phosphorylation (Xie et al. 2013 ). HeLa cells were evaluated using neutral comet assay for double stranded breaks (DSB's) on treatment with Hex-LI and CHCl 3 -LI for 24 h. It was observed that cells treated with both the fractions showed DSB's in DNA which may results from endonucleolytic activity of enzymes involved in apoptosis. These DSB's were resulted from the apoptotic process occurring in the treated cells. Lim et al. (2011) reported that Acalypha wilkesiana extracts caused apoptotic cell death via DNA single and double stranded breaks in U87MG and A549 cells. Lam et al. (2012) studied that Fagonia cretica extract treatment induces DNA damage in human breast cancer (MCF-7) cells. As compared to normal cells, cancer cells show high metabolic activities which results in elevated levels of reactive oxygen species (Gundala et al. 2014; Schumacker 2006; Szatrowski and Nathan 1991; Trachootham et al. 2009 ). Various polyphenolic compounds are known to exert anticancer effects via generating oxidative stress in cancer cells (Azam et al. 2004) . ROS in excess can cause damage to DNA, proteins, lipids and cell membranes. In response to ROS, mitochondrial membrane become permeable leading to the release of cytochrome c which induces caspases cascades ultimately resulting in apoptosis (Conklin 2004; Circu and Aw 2010; Simon et al. 2000; Thayyullathil et al. 2008) . Sharma et al. (2007) reported that Kaempferol showed apoptogenic activity in human glioblastoma cells by elevating the levels of ROS. Ellagic acid caused apoptosis of tsgh8301 human bladder cancer cells (Ho et al. 2014) . Increased ROS and Ca 2+ production along with other factors played important role in inducing apoptosis in tsgh8301 human bladder cancer cells. Several natural products targets cancer cells by elevating ROS levels (Ding et al. 2009; Jeong et al. 2010; Widodo et al. 2010) . Hex-LI and CHCl 3 -LI significantly increased production of ROS in HeLa cells as compared to their respective controls. Increased ROS production can be a one of the mechanism along with other signaling cascades responsible for the apoptosis inducing effects of Hex-LI and CHCl 3 -LI fractions of L. inermis.
Conclusion
In conclusion, fractions isolated from L. inermis possess good anticancer activity which can be exploited for the development of chemotherapeutic agents for the treatment of cancer after further toxicity studies. Studies are also in progress to explore the mechanism responsible for these activities.
